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The study of trends in the transformation of herba
ceous ecosystems (steppes and meadows) under the
impact of herbivores is a traditional, but still relevant,
line of research in the ecology of terrestrial ecosystems
and geobotany. Although pertinent publications are
numerous, they basically concern three subject mat
ters. The first is identification and phytocenotic char
acterization of stages in pasture digression, which are
usually performed to estimate the optimal or econom
ically expedient grazing intensity. The second is anal
ysis of the mechanisms of rearrangements in phyto
cenoses and ecosystems under grazing load, including
changes in the bioecological properties of plants and
transformation of other biotic and abiotic components
of ecosystems. The third is experimental research
aimed, in particular, at finding ways to sustainable
management of rangelands and improvement of their
state.
This study falls into the second category, since it
deals with changes in the occurrence and abundance
of plants differently interacting with arbuscular myc
orrhizal fungi in the course of pasture digression in
steppe plant communities. Such a study appears rele
vant in view of the increasing amount of data on the
possible role of mycorrhizal symbioses in the dynamics
of vegetation. It has been shown experimentally that
the outcome of competition between plants largely
depends on their predisposition to and success in sym
biotic interaction with mycorrhizal fungi (Heijden
et al., 1998, 2003; Pezzani et al., 2006; Püschel, Ryd
lova, and Vosatka, 2007). This finding is confirmed by
data on the increasing closeness of mycorrhizal rela
tionships and the importance of mycotrophic nutri
tion for plants in the course of progressive endoecoge
netic successions (Miller, 1979; Gemma and Koske,
1990; Jumpponen et al., 2002; Ahulu et al., 2005; Pez
zani et al., 2006; Lambers et al., 2008). Identification
of specific features of mycorrhiza formation in plant
communities disturbed by grazing may provide a
deeper insight into the mechanisms of their transfor
mation by making it possible to analyze relationships
at the ecosystem level, i.e., between the soil and organ
isms of different trophic levels: autotrophic plants,
large herbivorous animals, and soil heterotrophs.
STUDY REGION AND METHODS
Studies were performed in the region of Guberlin
ski Hillocks, the Southern Urals (Gaiskii raion of
Orenburg oblast; 51°07′–51°10′ N, 57°50′–58°03′ E).
The area is strongly dissected by deep stream valleys and
ravines. Watersheds contain numerous rocky hills with
screes on slopes, which rise up to 360–440 m a.s.l., or
200–250 m above the water level in the Ural River. The
climate of the region is sharply continental, with
monthly average temperatures of –15.4°C in January
and 22.2°C in July and annual average precipitation of
280–310 mm. The soil moisture regime is unstable,
and the probability of drought is 30–40%. Because of
dissected topography, the soil cover is heterogeneous:
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southern calcareous chernozems prevail in level areas;
southern chernozems with different degrees of ero
sion, on slopes; poorly developed medium gravel soils
with rock outcrops, on topographic highs; and
meadow chernozem and soddy meadow–forest soils,
in topographic lows. The zonal vegetation is repre
sented by true bunchgrass steppe communities, but
the diversity of topographic forms accounts for a
patchwork patter of plant cover, which changes
depending on slope angle and aspect, bedrock compo
sition, and soil depth.
Phytocenotic analysis of pasture digression of
steppe communities exposed to goat grazing was per
formed in 1982 to 1985 in four ecotopographic
transects, three in true bunchgrass steppes on slopes
of different aspects and one in stony steppes, along
topographic highs. The transects were arranged so as
to reveal specific features of degradation of true
bunchgrass steppe communities formed by different
steppe grass species in different ecotopes (Table 1).
Each transect consisted of three to five 10 × 10m plots
located at different distances from goat barns or pens
and, therefore, differently affected by grazing. During
the study period, grazing load exceeded the optimal
level by a factor of four to six (Morozova, 1985, 1991).
In each plot, geobotanical releves were made and the
abundance of all plant species (on the Drude scale)
was recorded several times per growing season over 3–
4 years.
The following stages of digression were distin
guished in the plots: (I) background plots, including
those used for hay harvesting but not for grazing;
(II) slightly or (III) moderately disturbed; and
(IV) severely disturbed and completely overgrazed
plots. During data analysis, slightly and moderately
disturbed plots (II + III) were considered together,
since we failed to find stage II communities at the hill
tops along the stony steppe transect. Slightly disturbed
communities are absent in this digression series
because of specific conditions in corresponding
ecotopes, where the vegetation is overgrazed much
more rapidly than in the true bunchgrass steppes.
The mycorrhizal status of plants was determined on
the basis of published data, using the maximum possi
ble number of publications on each species. On the
whole, about 30 published sources were used, includ
ing papers by teams of botanists from Perm (headed by
I.A. Selivanov) and Yekaterinburg (headed by
T.S. Chibrik), L.M. Nozadze’s studies, and reviews by
Harley and Harley (1987) and Wang and Qiu (2006).
Species in which no mycorrhiza was found by any of
the authors were classified as nonmycorrhizal. Species
regarded as mycorrhizal in some publications and as
nonmycorrhizal in other publications were classified
as facultative mycorrhizal. Species described as form
ing arbuscular mycorrhizae in all available published
sources were classified as obligate mycorrhizal. Plant
species names are given according to Cherepanov
(1995).
The significance of differences in the occurrence
and abundance of species differing in mycorrhizal sta
tus was evaluated by twoway ANOVA, with arcsine
transformation of percentage data. The test character
value in a plot was taken as an accounting unit. Grades
of plant abundance on the Drude scale were converted
Table 1. Initial plant formation, ecotope conditions, and numbers of test plots in geobotanical transects (from Morozova,
1988)
Transect 
no.
Initial plant formation, soils, 
and topographic position
Number of plots at the corresponding stage 
of digression
Number of 
species per 
transectI II III IV
1 Feather grass (Stipa zalesskii Wilenski)–meadow 
grass (Poa transbaicalica Roshev.) bunchgrass 
steppes on shallow (< 40 cm) southern calcareous 
chernozems in slight depressions on southeastern 
slopes
1 2 1 1 97
2 Desert oat grass (Helictotrichon desertorum (Less.) 
Nevski) bunchgrass steppes on shallow (<30 cm) 
southern calcareous chernozems in smooth northern 
slopes
2 1 1 1 95
3 Feather grass (Stipa lessengiana Trin. & Rupr.)–
sheep's fescue (Festuca valesiaca Gaudin) bunch
grass steppes on shallow (<30 cm) southern calcar
eous chernozems on southwestern foreslopes
1 1 1 1 44
4 Mixed petrophyte (Festuca valesiaca Gaudin + Po
tentilla arenaria Borkh.) stony steppes on poorly 
developed gravely stony soils at the hilltops
1 no 1 1 64
For description of digression stages (I–IV), see the text.
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into percent coverage, taking that sol = 1%, sp = 5%,
cop1 = 15%, cop2 = 33%, and cop3 = 75%.
RESULTS AND DISCUSSION
A total of 132 species were recorded in 17 test plots,
and the mycorrhizal status was determined for 101 spe
cies. They included 10 nonmycorrhizal and 16 facultative
mycorrhizal plants, while the greater part of species
(75) proved to be obligate mycorrhizal. No data on the
ability to form mycorrhizal symbiosis were found for
31 species (23% of the total number). Such a major
proportion of species could not be a priori excluded
from consideration, and the first stage of analysis was
performed with the entire data set (132 species).
A series of ANOVA tests were carried out to char
acterize two sources of variation in the species richness
and coverage of species groups differing in mycorrhizal
status, namely, differences between communities at
different stages of digression and differences between
communities occupying different topographic posi
tions (Table 2). Before analyzing changes in the ratio
of plants with different mycorrhizal status, it should be
noted that the total number of species in the releves
and their coverage proved to vary significantly depend
ing only on the factor “grazing load,” decreasing in
strongly disturbed plots, but did not vary between the
transects (i.e., between different topographic loca
tions).
Obligate mycorrhizal species constitute the floristic
and phytocenotic core of undisturbed phytocenoses,
accounting for 60–90% of species lists and 70–95% of
total plant coverage in corresponding plots. In partic
ular, this group includes typical steppe dominants such
as Achillea nobilis L., Festuca rupicola Heuff., F. vale
siaca Gaudin, Galatella villosa (L.) Rchb., Stipa lessin
giana Trin. & Rupr., S. tirsa Steven, S. zalesskii Wilen
sky, and Thymus marschallianus Willd. On average, the
number of obligate mycorrhizal species per releve and
their proportion in specie lists decrease under grazing
load by factors of 3.3 and 1.5, respectively. The total
abundance of these species also decreases signifi
cantly: in strongly disturbed plots, their absolute cov
erage is 9.3 times lower than in undisturbed communi
ties, and their contribution to the total coverage of
phytocenoses is 3.4 times lower. Thus, heavy grazing
load creates unfavorable conditions for obligate myc
orrhizal plants.
In contrast, the response of facultative mycorrhizal
plants to increasing grazing load is more positive than
negative. This group includes typical ruderal plants
that are common or even abundant in areas exposed to
intensive grazing, such as Capsella bursapastoris (L.)
Medikus, Ceratocephala testiculata (Crantz) Besser,
Chenopodium album L., Eremopyrum orientale (L.)
Jaub. & Spach, Polygonum aviculare L., and Setaria
viridis (L.) P. Beauv. The proportion of facultative
mycorrhizal plants in species lists and their contribu
tion to the total coverage are 2.1 and 3.7 times higher,
respectively, in strongly disturbed than in undisturbed
areas. They are most abundant in plots at stage IV of
digression, where they account for 35–70% of the
total plant coverage, compared to only 2–20% in
undisturbed steppe plots.
Nonmycorrhizal species are a minor component of
steppe phytocenoses. As a rule, this group in a plot is
represented by no more than 2–3 species. Their num
ber does not change significantly in the course of digres
sion, but the proportion of nonmycorrhizal species in
phytocenosis increases significantly, from 0–8% to 6–
23% of the total species list. Thus, it appears that non
mycorrhizal plants in general positively respond to
intensification of grazing, as follows from an increase
in their absolute and relative coverage in disturbed
communities. However, plants of this group are eco
logically heterogeneous, and, in fact, only the annual
Ceratocarpus arenarius L. becomes significantly more
abundant in overgrazed plots, while other species (e.g.
Caragana frutex (L.) K. Koch) have low abundance
either in disturbed or in background communities. It
has been found that Eremogone longifolia (M. Bieb.)
Fenzl and Euphrasia pectinata Ten. are absent in mod
erately and strongly disturbed plots, while segetal spe
cies Amaranthus retroflexus L. and Chenopodium
acuminatum Willd. occur only in areas under high
grazing load.
The distribution of species with an indeterminate
mycorrhizal status does not depend on grazing load. In
particular, neither the absolute number of such species
(on average, 3–8 per plot) nor their proportion (on
average, 15–21% of the total species list) change
between the stages of digression. On the other hand,
their occurrence and abundance distribution appear to
correlate with the topographic position of the plot. In
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particular, relatively many species of this group grow in
stony steppes on the hilltops, and parameters of their
abundance in these biotopes are also higher. A proba
ble explanation to this situation is that the vegetation
of stony steppes and rock outcrops is relatively rich in
plants that have not been previously analyzed for myc
orrhiza formation (e.g., rare of smallrange species).
The fact that species with an indeterminate mycor
rhizal status are not generally confined to communi
ties with a certain degree of disturbance is important in
methodological terms: on this basis, such species can
be reasonably excluded from consideration in formu
lating the answer to the main question, i.e., how the
occurrence of species differing in mycorrhizal status
changes in the course of pastural digression. The
answer that follows from the data presented above is
unequivocal: intensification of grazing leads to a
decrease in representation and abundance of species
that can successfully develop only upon forming sym
biosis with arbuscular mycorrhizal fungi, with conse
quent increase in corresponding parameters of species
that are less dependent on such symbiosis (facultative
mycorrhizal and nonmycorrhizal plants) (figure).
The main trends in the transformation of vegetation
under grazing load in the study region are expectable. In
agreement with previous data (Morozova, 1985, 1990,
1991) they include a decrease in the species richness
and productivity of phytocenoses, with the spectrum
of life forms and types of plant ontogeny shifting in
favor of monocentric annual and biennial species of
ruderal type. Another phenomenon accompanying
pastural digression of the steppe vegetation is the
weakening of mycorrhizal interactions. Under inten
sive grazing, when the structure of phytocenoses is
generally simplified, advantage is gained by plants that
can develop without mycorrhizae. This situation is
inverse to that of increase in the proportion of mycor
rhizal plants upon structural complication of phyto
cenoses in the course of natural endoecogenetic suc
cessions (Miller, 1979; Gemma and Koske, 1990;
Ahulu et al., 2005; Püschel et al., 2007) and, hence, is
somewhat predictable. It can be explained by assum
ing that the type of plant strategy determining the
position of species in succession is correlated with
their mycorrhizal status. The positive correlation of
the ruderal ecological strategy, whose particular dis
tinctive features include a short ontogeny or a high
reproductive effort (Grime et al., 1988), with the
avoidance of mycorrhizal symbiosis has been dis
cussed previously (Grime et al., 1988; Francis and
Read, 1995; Cornelissen et al., 2001; Betekhtina and
Veselkin, 2011). The decrease in the proportion of
mycorrhizal species in favor of nonmycorrhizal species
in the course of pastural succession indicates that the
ability of plants to form mycorrhizal symbiosis posi
tively correlates with their competitiveness in the
absence of grazing load and negatively correlates with
their ability to grow under conditions of overgrazing.
It appears that changes in the ratio of mycorrhizal
and nonmycorrhizal plants are accompanied by rear
rangements in the communities of symbiotic arbuscu
lar fungi. Reduction in the amount of resources (prod
ucts of plant photosynthesis) available to these fungi in
overgrazed areas should have an adverse effect on the
abundance and, probably, composition of their popu
lations. In turn, multiple trophic and regulatory inter
relations between arbuscular fungi and other groups of
soil biota (Coleman, 2008) imply that disturbances in
mycorrhizal interactions may be responsible for other
rearrangements in the ecosystem. At present there is
no sufficient basis to discuss such rearrangements, but
it would be interesting to estimate the extent of trans
formation of ecosystem processes that results from
changes in the prevailing ways of soil nutrient con
sumption by plants under grazing load.
On the whole, the presented data on changes in the
ratio of plants differing in mycorrhizal status under the
impact of goat grazing provide a somewhat new insight
into factors responsible for changes in plant commu
nities in the course of pastural digression. They con
firm the opinion that giving consideration to plant
mycorrhizal status can provide for better understand
ing of certain ecological features of plants and their
communities (Mukhin and Veselkin, 2004). in view of
this, the digressive succession considered in the study
may be described as follows: under conditions of
intensive goat grazing in the true bunchgrass and
stony steppes, polycentric perennial, obligate mycor
rhizal plants characterized by vegetative stability and
high above and belowground biomass production are
largely replaced by monocentric annual and biennial
plants with a low biomass, which are mostly nonmyc
orrhizal or facultative mycorrhizal.
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